Introduction. Small bowel neuroendocrine tumours (NETs) are the most common type of gastrointestinal neuroendocrine tumours. The incidence and prevalence of these tumours are on the rise. The aims of this study were to determine prognostic clinicopathological features and whether the ENETS TNM staging system predicts prognosis and also. Method. Clinical data was collected retrospectively from 138 patients with histologically proven small bowel NETs managed at King's College Hospital. Histology was reviewed and small bowels tumours, were staged according to the ENETS TNM staging system. Results. Median age was 65 years (range 29-87). The 5-year survival was 79.5% and the 10-year survival was 48.5%. Resection of the primary tumour was associated with improved survival (120 versus 56 months, < 0.05). On multivariate analysis prognostic factors were primary tumour resection and not having a carcinoid heart disease. TNM staging significantly separated survival of stage 2 and stage 3 from stage 4 NETs. Conclusion. Small bowel primary tumour resection and not having carcinoid heart disease are prognostic factors. The ENETS TNM staging and grading system appears to be of prognostic relevance to small bowel NETs.
Introduction
Neuroendocrine tumours of the small bowel are the most common type of malignant neoplasm in the small intestine, accounting for 35% of small intestinal cancers [1, 2] . Small bowel neuroendocrine tumours (NETs) are the most common type of gastrointestinal neuroendocrine tumours [3] . Small bowel NETs comprise around 38% of gastroenteropancreatic NETs and 21% of all NETs. The incidence and prevalence of these tumours are on the rise, as demonstrated in the Surveillance Epidemiology and End Results (SEER) data and the population-based study in Norway [2, 4] . A threefold increase in incidence has been demonstrated in the USA between 1973 and 2002 [5] . The reported incidence of small bowel NETs is 1/100 000 population [6] . The majority of these tumours do not cause carcinoid syndrome, often presenting late with metastatic disease. Patients with non-hormone secreting tumours often present with vague symptoms, including intermittent abdominal pain or weight loss. A number of patients are identified coincidentally. Approximately 40% of patients with metastatic disease at presentation have functionally active tumours leading to the development of carcinoid syndrome [7] [8] [9] [10] .
Small bowel NETs were generally thought to be indolent tumours; however, their behaviour is more heterogeneous, and consequently a staging and grading system has been introduced by European Neuroendocrine Tumour Society (ENETS) to help clinicians to optimize the management of these patients [11] . The ENETS grading system incorporates Ki67 index and mitotic rate to grade tumours; these parameters had not previously been incorporated to the WHO 2000 classification of NETs.
Yao et al. demonstrated a median survival from presentation of 65 months for patients with stage 4 (distant metastatic) 2 ISRN Oncology well to moderately differentiated small bowel NETs [6] . More recent studies have demonstrated 5-year survival of >70% for patients with metastatic small bowel NETs [12, 13] .
A number of studies have assessed the survival benefit of primary tumour resection and other therapeutic interventions [12, [14] [15] [16] [17] . However, there is still no consensus as to whether primary resection in patients with distal metastatic disease at presentation is beneficial. There is conflicting evidence regarding the survival benefit of liver resection, though it is generally recommended to offer liver resection if complete tumour removal or debulking of >90% of the liver disease is possible [18] .
To date there is limited data regarding the prognostic relevance of the proposed ENETs TNM staging and grading system [13] , which has been validated in foregut and a combined study of mid-and hindgut NETs [13, 19] . In this study we report our experience with small bowel NETs over a 20-year period (from 1990 to 2010). The aims of this study were twofold: firstly to determine whether the ENETS TNM staging system predicts prognosis in patients with small bowel NETs and secondly, to determine prognostic clinicopathological factors in patients with small bowel NETs.
Materials and Methods
Patients with small bowel primary NETs were identified through a search on the neuroendocrine tumour database at King's College Hospital, London, UK. The medical records of 181 patients were analysed. Patients with tumours arising from the ampulla of Vater and ileocaecal valve were excluded from analysis. Patients with unknown primary were not included. Site of primary and assessment of metastatic disease were based on operative, cross-sectional, and/or nuclear medicine imaging. Data collection was performed by two investigators (R. Srirajaskanthan and A. Ahmed) using a specifically designed database (Filemaker Pro). Forty-three patients were excluded from analysis due to incomplete clinical records.
One hundred and thirty-eight patients were included in the study. The date of diagnosis was from 1990 to 2010. All patients had histological confirmation based on surgical specimen or liver biopsy. In all cases histological diagnosis was based on the microscopy and when possible immunohistochemical staining with NET markers [20] . A second histological assessment was performed at King's College Hospital when possible to confirm accurate histological characterisation and grading of tumours.
The TNM staging system proposed by ENETS was used to stage patients in whom complete histological and radiological assessment was possible [11, 21] . Radiological assessment included a CT of chest, abdomen, and pelvis plus an octreotide scan in all cases. MIBG scans were performed in some instances. Due to the small number of patients with stage 2a disease and stage 2b disease, these were amalgamated together for analysis. Stage 3a and stage 3b disease was also analysed as one group.
The Histological assessment for tumour grade using the proposed ENETS classification was performed in all cases where histology was available. Grade 1 is classified as a Ki67 ≤2%, Grade 2 Ki67 3-20%, and Grade 3 Ki67 >20% [11, 21] . Study population demographics are displayed in Table 1 .
Patients underwent a number of therapeutic interventions in this study including surgery and biotherapy with somatostatin analogues. Peptide receptor targeted therapy in this study comprised of both 90 Yttrium-DOTATATE therapy and since 2008 177 Lu-DOTATATE therapy. Selective internal radiation therapy (SIRT) was performed on carefully selected individuals; a treatment was regarded as embolization of one lobe of the liver. Therefore, if patients had both lobes treated, this would be regarded as two treatments. Radiofrequency ablation (RFA) was performed either percutaneously or surgically. Table 2 illustrates the number of different therapeutic interventions patients underwent during the course of their treatment.
Statistical Analysis.
Continuous variables are reported as mean ± SD or median (range) if not normally distributed. Survival was measured from the time of diagnosis to death. Survival curves were constructed using Kaplan Meier method for analysis of censored data. Log rank tests were performed to compare survival between groups. Throughout all analyses, statistical significance was determined by a criterion of < 0.05. Multivariate analysis of predictors of death was by Cox regression. Histological grade was assessed in univariate analysis but was excluded from multivariate analysis due to the amount of censored data leading to insufficient numbers For 131 I-MIBG (iodine-131-meta-iodobenzylguanidine) and PRRT (peptide receptor radiotargetted therapy) an intervention comprised of 3-4 cycles of therapy. Each embolization was counted as a separate intervention. Heart value surgery involved tricuspid valve replacement in 2 cases, and one case had a tricuspid valve replacement plus pulmonary valvuloplasty. Abdominal radiotherapy was performed in two patients.
to perform multivariate analysis. Variables were removed stepwise from the model when value exceeded 0.10 and variables with a < 0.05 in the final model were considered significant predictors of death. Data analysis was performed using GraphPad Prism software (GraphPad Prism version 5.00 for Windows, GraphPad Software, San Diego California USA, http://www.graphpad.com/) and SPSS V.16 (SPSS Inc.).
Results

Clinical and Tumour Characteristics.
The median age of the 138 patients was 65 years (range 29-87) at time of diagnosis; there were 68 males and 70 females. The 76 patients (55%) had functional tumours, and the remainder were nonfunctional tumours. Demographic features are listed in Table 1 . One hundred patients had the primary tumour resected, and 48 liver surgeries were performed in 37 patients. Table 2 lists all the interventions that occurred during the study cohort. Complete histological analysis was available in 76 cases, all of which were either G1 or G2 tumours. The remaining cases were all histologically confirmed neuroendocrine tumours; however, Ki67 analysis was not available in these cases.
Primary Tumour Resection and Survival.
Primary tumour resection was defined as resection of the primary tumour and if surgically possible resection of associated mesenteric mass and lymph node disease. Not all primary resections were performed at the centre; however, histological assessment of the resected specimen was performed at King's College Hospital in these cases. One hundred patients had the primary resected, and 4 patients had attempted resection of the primary but at laparotomy were found to be irresectable; there were no postoperative deaths within 30 days of surgery. Kaplan-Meier curves were constructed to determine if there was any survival benefit for patients in whom the primary tumour was resected (Figure 1(a) ). There was improved survival in patients who underwent resection of primary tumour compared to those in whom the primary remained (120 versus 56 months, < 0.05).
There was survival benefit in resection of the primary tumour in patients with stage 4 disease at the presentation compared to those in whom the primary was not resected (105 versus 56 months, < 0.05).
Of patients that did not undergo resection of the primary tumour the reasons were as follows: 9 cases were due to the primary being regarded as irresectable; 4 patients had attempted resection, however, at laparotomy the primary could not be removed; and 2 were due to not being considered for primary resection due to comorbidity. In one case the patient declined to surgery opting for conservative management. In the remaining cases surgery was not considered for the primary due to the volume of metastatic disease and/or impaired functional status due to carcinoid heart disease.
Liver Resection and Survival.
Thirty-seven patients had a total of 48 liver resection surgeries, including 2 patients who had a liver transplant. Table 3 lists the different types of liver surgery that patients underwent. The median age of patients undergoing liver resection was 55 years (range 32-77). All patients that underwent liver resection had the primary tumour resected previously or at the time of liver surgery. Of the 37 patients undergoing liver surgery 14 patients also had the primary removed at the time of surgery. The following complications occurred postsurgery: 1 patient died within 30 days postprocedure. 1 patient had a postoperative-bleed, 1 bile leak, and 1 wound infection which required drainage. Two patients underwent liver transplant during this study: one patient died 5 months following the surgery, due to development of pneumonia, and the other patient remains disease-free at 240 months posttransplant. There was a significant survival benefit in patients who underwent liver resection of hepatic metastases with stage 4 small bowel NETs compared to patients with stage 4 small bowel NETs and hepatic metastases who did not have liver resection (128 versus 76 months, < 0.05), Figure 1 (b).
Prognostic Factors.
On univariate analysis, the following clinicopathological features were related to improved prognosis: not having carcinoid heart disease, resection of primary tumour, G1 histological grade, and liver resection. There was no difference in survival for the following factors: gender, uptake on octreoscan, presence of a functional syndrome, and treatment with somatostatin analogues. Multivariate analysis was performed using Cox regression analysis adjusting for all factors that showed a significant difference on univariate analysis. Primary tumour resection and no carcinoid heart disease were identified as the only independent predictors of survival. Not having the primary tumour resected was associated with a relative risk of 2.9 (1.3-6.1), < 0.005. Not having carcinoid heart disease was associated with a decreased relative risk 0.145 (0.06-0.36), < 0.005.
TNM Staging and Survival.
The TNM staging demonstrated significant difference in survival between stage 2 and 3 versus stage 4 disease ( < 0.05) and also stage 3 versus stage 4 disease ( < 0.05). There was no significance in survival between stage 2 and stage 3 disease (Figure 2(a) ). Therefore, improved survival in patients with localised/locoregional disease compared to patients with metastatic disease at the presentation was demonstrated.
There was significantly improved prognosis between G1 compared to G2 tumours, < 0.05. There were no patients with G3 tumours for assessment, see Figure 2 (b).
Development of Recurrent Disease.
There were 4 patients with TNM stage 2 disease, 23 patients with TNM stage 3 disease, and 10 patients in whom the staging was not known but had no evidence of residual disease postoperatively and were regarded as R0/R1 resection. The remaining patients had clear evidence of distant metastatic disease prior to undergoing resection of the primary tumour.
Of the patients who underwent attempted curative resection without distal metastatic disease there were 36 patients suitable for analysis. Of these 11 (30.6%) patients have developed recurrent disease. Median period for development of recurrence was 55 months (range 11-122). There was no recurrence in patients with stage 2 disease, and median duration of followup was 37 months (17-180 months). Median followup for patients with stage 3 disease was 37.5 months (range 6-119 months). Recurrence occurred in 7 of 23 (30.4%) patients, and median duration to recurrence was 47 months (range 11-96 months). survival for patients with stage 4 disease was 98 months, with 5-year survival of 74.5%. There were 44 (32.8%) deaths during the follow-up period of the study. The cause of death is displayed in Table 4 . 20.5% of patients died from nontumour-related deaths; the most common causes were cardiovascular death and a second malignancy. The cause of death could not be identified in one case.
Overall Survival and
Discussion
We have demonstrated that the ENETS TNM staging system for midgut offers prognostic information, with the worst survival demonstrated in patients with stage 4 disease compared with stage 2 or stage 3 disease. Furthermore, the proposed grading system based on Ki67 and mitotic index provided statistically different prognosis between G1 and G2 NETs.
No difference in survival was demonstrated between stage 2 and stage 3 disease; this could be in part due to the duration of followup and small numbers of cases with stage 2 disease. However, other studies have not demonstrated difference in survival between stage 2 and stage 3 disease [13] . Markers of cellular proliferation as measured by Ki67 index and mitotic rate were incorporated in to the novel ENETS TNM staging and grading system. Studies demonstrated these markers as predictors of survival in pancreatic and upper gastrointestinal NETs and hence their incorporation into the ENETs guidance [11, 22, 23] . In this study we demonstrated significant improvement in survival for patients with G1 compared to those with G2 NETs; this supports the findings in other studies [14, 24] .
Overall the 5-year and 10-year survivals were 79.5% and 48.5%, respectively, for all patients independent of stage of disease. This shows improvement in the 5-year survival when compared to previous studies, including the SEER data [6] . There appears to be a trend towards improvement in survival when looking at the 5-year survival data from recently published data looking at patient cohorts over the last two decades [6, 12, 14] . The causes for this improved survival have not been fully elucidated. It may be in part related to increased use of somatostatin analogues and their antiproliferative effect. Secondly, the management of patients in multidisciplinary teams and the more aggressive surgical management of these patients may have improved survival. The study cohort may be biased as it is not a populationbased survival but instead a survival of patients managed in a specialist centre. Finally, lead time bias may also be a factor; however, there is no clear evidence to support that patients are being diagnosed at an earlier stage of the disease.
The cause of death in this study demonstrated that 47.3% were related to tumour progression which is similar to that published in the UKINETs study [14] . A similar percentage of patients died from carcinoid heart disease and small bowel obstruction [14, [25] [26] [27] . Interestingly 20.5% of patients died from tumour-unrelated causes, which is similar to that identified from previous studies [14, 28] ; in part it could be related to the longer survival of patients with small bowel 6 ISRN Oncology NETs, leading to other causes of death accounting to a large percentage of deaths.
This study demonstrates improved survival in patients in whom the primary tumour was resected, with univariate and multivariate analyses. Furthermore, there was improved survival for patients who presented with stage 4 disease who had resection of primary tumour compared to those in whom the primary was not resected. Previous studies have demonstrated a survival benefit in resection of primary tumour; however, the study population has been rather heterogenous [29] . A recent systematic review by Capurso et al. [17] concluded that there is a possible benefit of resection of the primary lesion in patients with unresectable liver metastases.
This study demonstrates significant prognostic benefit of liver resection on survival using univariate analysis, though this is not a prognostic factor with multivariate analysis. Numerous studies have demonstrated improved symptom control and quality of life following hepatic resection and tumour debulking [22, [30] [31] [32] . The role of hepatic surgery in patients with metastatic NETs should still be considered in appropriate candidates [14, 18] . A number of studies have demonstrated improved prognosis following liver resection in patients with small bowel NETs in a univariate analysis [14, 16, 33] .
There is limited data regarding the time to develop recurrent disease following "curative resection" in patients with local/locoregional disease. We demonstrated no evidence of recurrence in patients with stage 2 disease following resection. Similar findings have been reported in other studies [24, 34] . Following what was regarded as R0/R1 resection we have demonstrated that median time to development of recurrence is 55 months. Approximately 30% of patients with stage 3 disease will develop recurrence within a median period of 47 months. Studies by Le Roux and Landerholm have demonstrated recurrence rates around 30% following complete resection of primary tumour and locoregional disease [28, 34] . Followup of patients with stage 2 or 3 tumours should be extended beyond 5 years [18] . Duration of followup for patients with stage 1 disease remains unclear.
This study is a single centre experience that has certain inherent limitations; due to the nature of referrals it was not possible to accurately stage all patients who underwent surgical resection and perform complete histological analysis. The rate of disease recurrence following resection of locoregional disease may be overestimated due to referral bias; however, similar rates have been reported in other studies.
Conclusion
This study has demonstrated that ENETS TNM staging and grading system is able to prognosticate between stage of disease and grade of tumour. Primary tumour resection and not having a carcinoid heart disease are both prognostic factors on multivariate analysis. There may potentially be a role of determining the likelihood of recurrence following surgery using the TNM staging system. Finally, overall survival for small bowel NETs seems to be improving.
